Although pair programming has proved its usefulness in teaching and learning programming skills, it is difficult to assess the individual roles and abilities of students whilst programming in pairs. (Note that within this manuscript, the term assessment refers to evaluating individual student performance.)
Introduction
Pair programming has been common practice in the programming industry during the last three decades, but only recently did it start to draw the attention of facilitators as a teaching strategy. Pair Material published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact 0HPublisher@InformingScience.org to request redistribution permission.
programming implies that two programmers execute the programming task together. One of them 'drives' the development and the typing of code, while the other one 'navigates' or points out the programming direction for the driver and provides feedback on the programming code (Adams, Lubega, Walmsley & Williams, 2004) .
Studies conducted on pair programming identified some of its advantages for the teachinglearning situation (Tomayko, 2002; Williams & Kessler, 2001; Williams & Upchurch, 2001 ). For example, it has been found that when programmers work in pairs, fewer errors are made than in individual programming situations (Tomayko, 2002) , resulting in better programming performance, increased confidence, and decreased frustration levels of the programmers (VanDeGrift, 2004) . A possible explanation for these findings could be that pair members help each other to solve the problem and complete the programming task together. Thus, there seems to be some agreement among researchers that pair programming could be a promising teaching strategy for teaching programming skills (VanDeGrift, 2004) .
Despite the possible benefits of pair programming as a teaching strategy, some of its limitations for student assessment have been documented as well. One such frequently encountered limitation is that some students may receive undeserved credit for the successful completion of a program (McDowell, Hanks, & Werner, 2003) . The assumption is that it is difficult to assess students' individual programming abilities reliably in pair programming situations. The first author of this article experienced a similar problem when implementing pair programming as a teaching strategy during a second year Information Technology (IT) course for student teachers. The students achieved high marks for their pair assignments, but significantly lower marks for their individual assignments. This begs the question whether the results of pair programming assignments are reliable indicators of students' individual programming abilities. Naude and Hörne (2006) even classify undeserved credit under the umbrella of 'cheating,' and, although cheating is a strong word, the researchers emphasize the seriousness of the situation.
Several researchers highlight the problem of assigning group marks to individual students (Parsons, 2004) . It is necessary to determine the contribution of each individual member and, according to Parson (2004) , this is not an easy task. Some students could contribute little or nothing at all, and if there is no assessment of students' individual contributions, marks awarded could be an inaccurate reflection of a student's abilities (Cheng & Warren, 2000) . According to Parsons (2004) a fair mark allocated to a given student should reflect that individual's effort and abilities. This statement is supported by the research of Verhaart, Hagen, and Giles (2005) , who also wished to determine whether students' marks in group assessments correlated with their marks in individual assessments. They proposed two different assessment methods as best practice for assessing an individual's performance in group work. In the base mark adjusted method, they give individual tests, as well as self-and peer assessments after every groupwork session. In the task splitting method, they split the groupwork task and require some work done individually and other work done in groups. A specific weighting is allocated to the different tasks and students need to include a peer review to adjust the group contribution. Verhaart et al. (2005) concluded that both these methods are "valid assessment forms, producing marks which seem to reflect the students' typical level of achievement."
In view of the research being done on group assessment, the aim of this study was to determine whether the use of specific assessment strategies for pair programming could contribute towards a more reliable way of assessing individual abilities in pair programming situations. In the development of the assessment strategies, literature on assessment in general and on the assessment of co-operative and collaborative learning was considered. In order to determine whether these specific pair programming assessment strategies could be implemented more reliably for assessing individual programming abilities, students' pair and individual marks were compared throughout the course to determine whether a significant correlation existed between these marks. In the next section the literature that served as a basis for the specific assessment strategies will be discussed.
Assessment Strategies
Assessment strategies that can be applied to group work will be discussed first, and afterwards guidelines will be considered for their specific application to pair programming. Lambert and Lines (2000) define assessment as the process of collecting and recording, interpreting and applying information on students' performance in teaching and learning. Marneweck and Rouhani (2002) , among others, distinguish between summative and formative assessment. Summative assessment takes place at the end of a learning experience, while formative assessment takes place during the course of the learning process. Black and Wiliam (1998) emphasize that assessment becomes formative when evidence is actually used to adapt teaching to meet students' needs. According to Luckett and Sutherland (2000) the aim of summative assessment is to determine students' achievement levels at the end of the learning experience. During the assessment of pair programming it is important to assess students' achievement levels at the completion of the program, but also during the pair programming activities in order to determine each member's contribution to the attainment of the outcomes (Williams & Kessler, 2003) .
There are different methods of assessment (Ellis, 2001; Hanrahan & Isaacs, 2001; Marneweck & Rouhani, 2002) . According to Marneweck and Rouhani (2002) , peer assessment implies that learners are encouraged to help and assess each other during peer activities. Hanrahan and Isaacs (2001) describe peer assessment as a constructive contribution by members of a pair or group to assess their collaborative efforts. Verhaart et al. (2005) implemented peer assessment in both of their assessment models. Cheng and Warren (2000) also stressed the importance of peer assessment and proposed that students need to be actively involved in group assessments by determining their peers' contributions. Within a pair programming environment evidence also exists that peer assessment could be helpful in determining individual contributions. Williams, Wiebe, Yang, Ferzli, and Miller (2002) applied peer assessment on completion of every pair programming project, and Daniel (2003) stated that students never again complained about a free ride when implementing peer assessment in pair programming situations.
During self-assessment students assess their own work (Hanrahan & Isaacs, 2001) . Self assessment could be valuable in encouraging students to take more responsibility for their own learning (Earl, 2003) . Liebovich (2000) stated that students should use self-assessment to identify the skills they need to improve on. Individual accountability in group work, as well as in pair programming, plays a significant role (Johnson & Johnson, 2006; Preston, 2005) and self-assessment can encourage learners to take personal responsibility during group or pair activities. Williams and Upchurch (2001) also supported the view that students should assess their own contributions in the pair when performing pair programming.
Individual assessment takes place when learners complete an activity autonomously and are assessed individually by the facilitator (Knight, 2004) . Johnson and Johnson (2006) strongly emphasised the role that individual assessment should play in the assessment of group work activities in order to eliminate 'free-riding.' Individual assessment implies that the facilitator assesses the activity and provides feedback to individual learners. Verhaart et al. (2005) proposed that individual assessments should contribute significantly towards students' marks during group work activities. One can therefore assume that individual assessments should take place after every pair programming session in order to assess individual performance more reliably.
Facilitator assessment is normally applied for assessing the quantity and accuracy of students' work, but could also take place during the completion of an assignment where a wide range of data could be collected to enable the facilitator to modify the learning process (Earl, 2003) . Different methods of assessment require different techniques. To implement self-and peerassessment effectively, rubrics containing predetermined assessment criteria will help the facilitator and students to focus on the outcomes of the activity (Airasian, 2005) . Rubrics can also help the facilitator give more productive feedback to learners. According to Earl (2003) , feedback is part of the assessment process because it leads to improved learning.
Assessment criteria for the rubrics must be aligned with the outcomes to be achieved. Cangelosi (2000) suggests that three different domains must be assessed during group work: the cognitive, affective, and psycho-motor domains. The cognitive domain covers acquired knowledge and its processing (Vermeulen, 2002) and the ability of students to understand, analyse, apply, and evaluate the knowledge (Van der Horst & McDonald, 1997) . When assessing the cognitive domain, Airasian (2005) believes that the facilitator needs to use assessment criteria that will assess the different levels of Bloom's taxonomy regarding students' low and high order thinking skills. The affective domain deals with students' beliefs, attitudes, and values (Vermeulen, 2002) and is normally assessed by members of the group and the facilitator during a group work activity. The members and facilitator observe ways in which students react to one another and the responsibilities they take on. The psycho-motor domain covers students' psychological and motor skills (Vermeulen, 2002) . For assessing achievement in the psycho-motor domain, the physical activities/contributions of group members could be assessed. Facilitators often neglect these two domains because they are difficult to assess (Woolfolk, 1998; Vermeulen, 2002) .
In order to assess groups adequately, Johnson and Johnson (2006) suggest that techniques fostering positive interdependence and individual accountability should be incorporated in the group work strategy. Positive interdependence is established when members of the group are so dependent on one another that one cannot succeed without the other. This is effected by coordinating one's efforts with the efforts of others to complete the task. Individual accountability is created when positive attitudes are in place that increase group members' feelings of responsibility and accountability. This can be done by assessing individual and group performance against predetermined assessment criteria, by communicating the results to individuals and the group, and by holding the members responsible for the quality of their individual contributions (Johnson & Johnson, 2006) . Lejk and Wyvill (2001) also mentioned that self-and peer assessment are significant ways of ascertaining individual accountability and individual contributions.
Assessment Strategies Used in this Study
In this section the specific assessment strategies used in this research will be elaborated on.
At the beginning of the course the facilitator explained the concept of pair programming and ways of assessment in detail to the students. Pair programming assignments were executed in a closed computer laboratory environment under supervision of the facilitator. Before each pair assignment, students were randomly allocated to pairs to ensure that they collaborated with a different programming partner every time. During the course, students had to complete four programming assignments in pairs. Ninety minutes were allocated to each programming session. Every twenty minutes, students rotated programming roles and ten minutes were reserved for assessment.
After the completion of every pair programming assignment, self-, peer-and facilitatorassessments were conducted by means of a rubric (see Table 1 ) containing specific assessment criteria. These rubrics were provided to students at the beginning of every pair programming as-signment. Thus, assessment could take place formatively by the students and facilitator throughout the assignment. Evaluation of programme effectiveness 1 2 3 4
Affective outcomes
Members'contributions to collection of data and information 1 2 3 4
Interaction between partners 1 2 3 4
Responsibility of driver 1 2 3 4
Responsibility of navigator 1 2 3 4
Co-operation between members 1 2 3 4
Decision-making skills of members 1 2 3 4
Psycho-motor skills
Keyboard and mouse skills 1 2 3 4
Use of shortcut keys, textbooks and other resources 1 2 3 4
The cognitive outcomes of each programming assignment differed from the others, in accordance with the cognitive outcomes specified in the study guide. All levels of Bloom's taxonomy were assessed by the cognitive assessment criteria. The affective assessment criteria assessed the interaction and collaboration between members, their individual responsibility, and their decisionmaking skills. These affective assessment criteria aimed at the fostering of a positive interdependence between the two members of the pair. Psycho-motor assessment criteria assessed keyboard and mouse skills as well as the use of shortcut keys, textbooks and other resources. Although Vermeulen (2002) has shown that the psycho-motor domain is hard to assess, in this study we have succeeded in its assessment due to the small number of students enrolled in the module. We were able to walk between the ten different groups and observe each group closely to assess their keyboard and mouse skills, shortcut keys, and the use of other resources. The facilitator gave formative feedback to the pair members before every new pair programming assignment, and, on its completion, individual tests were written. Only the cognitive outcomes required for the successful completion of the pair assignment were assessed by the individual tests. The aim of the individual tests was to determine whether both members of the pair had achieved the required cognitive outcomes and whether they were able to complete a similar programming assignment individually. The facilitator conducted these summative assessments. The individual tests as well as the self-and peer-assessments fostered individual accountability.
At the end of the course students were subjected to an individual and a pair practical examination. Both these examinations were conducted by the facilitator and covered the cognitive outcomes specified for the course.
In the empirical study that follows, we determine whether the specific assessment method for pair programming contributed to a more reliable way of assessing programming skills in pairs.
Method
A non-experimental correlational design was used for this study. The research departed from a positivist perspective where the outcomes of the effect of the assessment strategies were based on the results of the quantitative data analysis. The aim of the research was to determine whether these specific assessment strategies could contribute towards a more reliable way of assessing individual abilities in pair programming situations. In order to determine quantitatively whether this aim has been achieved, the participants' individual marks were correlated with their pair assessment marks.
Participants
All second-year students in teacher training (n=20) majoring in Information Technology (IT) in a Faculty of Education Sciences of a South African university took part in the research during 2006. The population consisted of 11 female and 9 male students, all in the age group 20 to 21 with the same cultural background and language proficiency.
Procedure
For each pair programming assignment, the scores of the self-, peer-and facilitator-assessment per individual participant were summed and converted to a "Pair mark" out of 10 (See Table 2 for an example). The individual assessments were also converted to an "individual mark" out of 10. "Pair marks" and "individual marks" were then correlated. Participants' scores obtained in the individual and pair practical examinations were also compared. These two examinations were not identical but of equal academic standard. The same learning outcomes were formulated for both of these examinations, and the assessment was conducted by the same examiner and moderated by the same moderator to ensure equal academic standards in both of these examinations. The content validity of the assessment rubrics, individual tests, and practical examinations were determined by experts in the field of computer programming who commented on the contents of the assessments.
Data Analysis and Statistical Techniques
After each pair assignment and individual test, as well as the individual and pair practical examinations at the end of the course, the Spearman Rank Order Correlation technique was used to calculate the correlation coefficient between (1) average marks obtained in the pair and individual tests and (2) the average practical examination mark obtained in pairs and the average individual practical examination mark.
A coefficient of +1 indicates that the scores are perfectly positively correlated; a coefficient of -1 indicates a perfectly negative correlation; a coefficient of 0 indicates no linear relationship at all (Field, 2005) . In this research the correlation coefficient was interpreted according to the following measure of effect size: 0.1 represents a small effect; 0.3 a medium effect; and 0.5 a large effect (Steyn, 1999) . Table 3 reflects the average marks of each assessment as well as the correlation coefficient and effect sizes obtained from the comparison between the average individual marks and the pair marks. Figure 1 shows that the average pair and individual assignment marks have both decreased from the first to the third assignment, but the average pair and individual assignment mark increased in the last assignment. Although participants performed better in the pair assignments in comparison with the individual assessment, the difference between the two assessments became smaller with each assessment.
Results
In the comparison of the pair programming and the individual assessment marks, which was obtained after every pair assignment, it is interesting to see that after the first assessment no significant correlation existed between these two marks. However, after the second pair programming and individual assessment, a positive correlation (although of small effect size) was detected. After the third and fourth pair and individual assessments the correlation coefficients increased to values indicating medium effect. The second part of the investigation was completed at the end of the course to determine the correlation between the average practical examination mark obtained in pairs and the average individual examination mark. The average individual examination mark and the average pair mark were almost the same. A positive correlation coefficient of large effect, (r = 0.7) was obtained between the average marks of the practical pair examination and the practical individual examination.
Discussion
The results of the first pair and individual assessments initially indicated that there was no correlation between the pair and individual marks, implying a difference between pair and individual marks. The averages of the pair assessment and individual test marks also indicated that the participants obtained higher marks in the pair programming assignment than in the individual test. This finding is consistent with findings from Daniel (2003) , which indicate that students are initially unwilling to give poor marks to group members who did not contribute significantly towards the group task. However, as students became more familiar with this type of assessment, the correlation coefficients between the results of the pair and individual assessments increased, indicating that the marks for the individual and pair assessments became more aligned. As students became more familiar with this particular type of assessment strategy, they apparently became more realistic in assessing their own and their pair member's work as well.
The correlation between the individual and pair practical examination marks at the end of the course was anticipated in this research. Students became more used to this way of assessment and performed self-and peer-assessment more honestly and realistically. They could no longer solely depend on their fellow pair member to complete a pair programming assignment, because it would be reflected by the individual assessment marks which would indicate to the facilitator whether both members attained the outcomes specified for a particular pair assignment. The high correlation coefficient which was obtained between the practical individual and pair examinations indicates that the assessment strategies applied throughout the course resulted in a stronger commitment of both pair members to cooperate better when completing a programming task. Morgan (2003) has indicated that students were not fond of group assessment because the students felt that their input was not assessed reliably. The findings in this study imply that the assessment strategies implemented in this research contributed positively towards a more reliable way of assessing individual abilities in pair programming situations. A more reliable way of assessment was done by assessing the input of the driver and navigator separately. Due to the assessment applied in this study the students have applied two general principals of group work (individual accountability and group processing) that, according to Johnson and Johnson (2006) , are very important to take into account to perform any group work successfully. Individual accountability was applied by assessing each member of the pair individually. Because each student knew that his/her input would be assessed, each took up his/her responsibility as driver or navigator. Group processing took place when members of the pair communicated with each other about their progress in solving the problem and the extent to which goals were achieved. Peer assessment forced the members of the group to work together. In summary, because the different responsibilities were assessed apart from each other, individual accountability was fostered during pair work and effective cooperation between pairs took place. This may have contributed to the correlation between individual and pair assessment marks which were found from the third assignment onwards.
With the aid of the self-assessment rubric students had the opportunity of assessing themselves and, in the process, to monitor themselves and identify their own mistakes. The specific guidelines provided in the rubrics enabled the students to become the main agents of their own learning. Thus participants could monitor their own work and improve on their mistakes before the individual test and/or individual examination was written. The self-assessment rubrics could also contribute to the correlation found between the assessment marks that were obtained individually and the marks obtained in pairs.
It is important that the facilitators do not exclude themselves from the assessment process. After completion of the pair assignment the facilitator gave feedback to participants. The way the facilitator gave feedback was with the aid of the rubrics that also assigned a mark to their pair programming assignment. This type of feedback helped participants to improve their own learning and to guide them in future learning. Nonetheless, if the facilitator presents to participants a "good solution" and participants have the chance to compare their solution with that of the "good solution," they could improve their programming skills before writing the individual tests or individual examination. Feedback was then, as Earl (2003) states, part of the learning process. Therefore it helped with the correlation between individual and pair assessment.
Conclusion
Although this study has provided some valuable insights, the results should not be unconditionally generalised due to the small number of students who participated in this study. It is recommended that the study should be replicated involving a larger sample of participants studies over a longer time period. More biographical information could also be useful for analysis of differences between male and female, different personality types, and age groups.
Nonetheless, this preliminary research has already shown that there could be a significant gain in assessing, not only the outcome of the assignment, but instead using different rubrics for self-, peer-and facilitator-assessment contributing to a more reliable assessment strategy for pair programming. The contribution of each individual was assessed and reflects the individuals' effort and ability to a great extent. The role of peer assessment as well as the honest assessment of one's own achievement of outcomes is very valuable to the learning process. It encourages hon-est reflection, both of one's own work and also of the work of others and creates a positive, collaborative culture in the class and a feeling of belonging. This fosters positive interdependence, which is important within any cooperative or collaborative learning environment. As soon as students get used to peer and self-assessment strategies, they became more honest in grading themselves and their pair members and as a result their pair and individual grading seems to correlate well with each other.
One benefit from peer-, self-and facilitator-assessment is that it adds significantly to the amount of feedback a student receives and can consequently contribute to a high level of achievement. Overall, the researchers believe that the results of the study support the use of various assessment strategies to assess the contribution of individual members of the pair during the pair programming activities.
These results can be of particular relevance to facilitators who contemplate implementing pair programming as a teaching strategy in the training of computer programmers, but who have some doubts about the reliable assessment of individual programming abilities while doing so. This could also be applied in general to assessment of any outcomes achieved in groups. Together these results show that a rubric-based tool for assessment of group work strongly supports the grading process.
